Abstract: In present study, some sufficient conditions for the exponential stability of impulsive delay differential equations are obtained by introducing weight function in the norm and applying the concept of Lyapunov functions and Razumikhin techniques. The function ψ plays the role of weight and hence increases the rate of convergence towards stability. The obtained results are demonstrated with examples.
Introduction
The study of qualitative properties of dynamical systems concerned with the problems of engineering, control theory, population dynamics, disease epidemics etc. attracted many researchers in past few years [1, 3, 9, 12, 13] . Many problems of such fields have been extended to the impulsive differential systems [7, 8, 10, 11, 15, 17, 18] . The differential systems which describe the influence of both deviations and impulses on phenomenon are known as impulsive delay differential systems. The study of stability is important to know whether the given solution is deviating significantly from the desired behavior or not. The exponential stability gives the information about the rate of decay of the stable solutions. But, if the solutions are not bounded or unstable, we can apply a suitable weight function so that the solutions become stable with some different rate of decay. So, the weighted exponential stability can be used to study the rate of increase or decrease of the solutions. If the solutions of any differential system are unbounded but zero solution is weighted exponentially stable, then by using weight function we can easily obtain the rate of increase or decrease. Moreover, the study of weighted exponential stability is of great importance because the study of exponential stability without weight function but using substitution y(t) = ψ(t)x(t), where ψ(t) is weight function and is very difficult as it leads to a more complicated differential system. The notion of this type of ψ-stability for the ordinary differential equations was introduced by Akinyele [6] . ψ-stability for nonlinear nonlinear Volterra integro differential systems [1] and impulsive differential systems [2] have been studied. Weighted exponential stability for generalized delay functional differential equations is studied by Hritova [16] , without taking into consideration the effect of impulses. So, ψ-stability analysis of dynamical systems with both delay and impulses is not much explored. In this paper, a sufficient criteria for the ψ-exponential stability of impulsive delay differential system is obtained by applying the concept of Lyapunov functions and Razumikhin techniques.
Preliminaries
Consider the following Impulsive functional differential system 
V is continuous on each of the sets [t k−1 , t k ) × R n and for all x ∈ R n , where k ∈ N and
V is locally Lipschitzian in x ∈ R n and for all t ≥ t 0 , V(t, 0) = 0.
along with a trajectory of the system (1) with a weight ψ as follows: 
where
ψ-uniformly exponentially stable, if α in (i) does not depend on t 0 . Now, we define a class of functions for further use as follows:
Remark 1: This definition of ψ-exponential stability is more general form of the well known exponential stability in literature, which can also be considered as special case of above definition by taking weight function ψ(t) = 1.
Remark 2: If we consider y(t) = ψ(t)x(t)
, where x(t) is solution of the given system and ψ(t) is the weight function, then y(t) may satisfy a more complicated equation and the study of the exponential stability of zero solution could be more difficult than the corresponding study of ψ-exponential stability. That is why obtaining sufficient conditions for this type of stability are required.
Main Results:
In this section, we discussed some sufficient conditions for the weighted exponential stability of nonlinear impulsive delay functional differential equations. Theorem 3.1 Let there exist a Lyapunov function V ∈ v 0 , functions a, b ∈ K 1 and constants p > 0, d k ≥ 0, k ∈ N, λ > 0, such that the following conditions hold:
Then the zero solution of the impulsive delay functional differential equation (1) is ψ−exponentially stable. Proof: Let x(t) = x(t, t 0 , ϕ) be a solution of (1) and
and
We need to show that Q(t) ≤ 0 for all t ≥ t 0 . Let t ∈ [t 0 − r, t 0 ], then from condition (i) it is clear that Q(t) ≤ 0. Now, we shall show that Q(t) ≤ 0 for t ∈ [t 0 , t 1 ). Suppose it is not true and let t * = inf{t ∈ [t 0 , t 1 ) : Q(t) > 0}. Since Q(t) ≤ 0 for t ∈ [t 0 − r, t 0 ) and t * ∈ (t 0 , t 1 ). By the continuity of 
We need to show that Q(t) ≤ 0 for t ∈ (tm , t m+1 ), suppose not let t * = inf{t ∈ (tm , t m+1 ) : Q(t) > 0}. Since Q(tm) ≤ 0. By the continuity of Q(t), we get t * > tm, Q(t * ) = 0 and
and for s ∈ [−r, 0], we have
Thus, by condition (ii), we have
Again this is contradiction to the definition of t * , Therefore Q(t) ≤ 0 for t ∈ (tm , t m+1 ) Hence by principle of induction Q(t) ≤ 0, for all t ≥ t 0 , and hence
which implies that 
Then the zero solution of the impulsive delay functional differential equation (1) 
Conclusion
In this paper, weighted exponential stability criteria for impulsive delay differential system are obtained. These results have widened the scope of stability theory and generalized the concept of exponential stability, which can also be studied by taking weight function as unity. The obtained results are beneficial for further study of qualitative behavior of solutions for many dynamical systems.
